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Introduction

This report describes research done in the final year (and one year no cost extension) under the NAS/NASA-

Ames Consortium Agreement NCC 2-717. The main thrust

of the work involved direct volume visualization of large curvilinear volumes created by computational fluid

dynamics simulations. As we proposed in the original request, we particularly investigated during this period

the use of multi-resolution data structures to allow comfortably fast visualization of large and complex data

sets, and rendering algorithms general enough to accommodate a variety of irregular grid types, including

multi-grids. These activities are described in somewhat greater detail below. Publications produced under

the auspices of this grant include:

1. Wilhelms, Jane, and Allen Van Gelder, 1994. "Multi-dimensional "Frees for Controlled Volume

Rendering and Compression," 1994 ACM Symposium on Volume Visualization, pp. 27 34, October,

1994. [WVG94].

2. Van Gelder, Allen and Jane Wilhelms, 1994. "Topological Considerations in Isosurface Generation,"

ACM Transactions on Graphics, Vol. 13, No. 4, October 1994, pg. 337-375. [VGW94].

3. Wilson, Orion, Allen Van Gelder, and Jane Wilhelms, 1994. "Direct Volume Rendering via 3D

Textures," UCSC Technical Report UCSC-CRL-94-19. [WVGW94].

4. Kim, Kwansik, Allen Van Gelder, and Jane Wilhelms, 1995. "Hierarchical Volume Rendering Using

Ray Casting", UCSC Technical Report UCSC-CRL-94-19. [KGW95].

5. Wilhehns, Jane, Paul Tarantino, and Allen Van Gelder, "A Scan-Line Algorithm for Volume Rendering

of Multiple Curvilinear Grids", UCSC Technical Report UCSC-CRL-95-57. [WTVG95].

The grant also provided support for graduate students, summer salary for two faculty members (Jane

Wilhelms and Allen Van Gelder), travel to conferences, and computer maintenance.

1 Multi-Dimensional (Hierarchical) Data Structures

We have studied the use of hierarchical data structures for faster and more flexible visualization of large data

sets. In our initial work [WVG94], we implemented an octree structure over regular data sets. Each node of

the hierarchy represents a region of the data, and children of any node represent subregions of the parent's



data.Theleafnodesrepresenttheexactdatain thevolume.Eachnodeofthetreestoresa"best-fit"trilinear
modelofthebehaviorofthedatain theregionrepresentedbythenode,andanerrormetric(usuallymean
squarederror)betweenthenodalmodelandtheactualdatain theregion.Fordirectvolumerendering,we
usedcoherentprojection[WVG91]adaptedforhierarchies.Theusercanspecifyanallowableerrorin the
image.Theprogramtraversesthetreeandrendersthehighestnodalregionin anybranchwheretheerror
in thenodalmodeliswithintheuser-allowederror.Thus,a coarsefastorexactslowerimagecanbeseen,
underthecontrolof theuser.

Originally,this methoduseda hierarchyoverregulardatasets,wehaverecentlybegunto developa
hierarchyoverirregulardatasets,whichisamoredifficultproblem[WTVG95].Wehavealreadyimplemented
thebasichierarchyoverirregulargrids,but havenot yet publishedit. Webelievethe combinationof
accessto actualdatavaluesplusa regularhierarchicaldatastructurewill giveusthebestof bothworlds
andallowexactrenderingwhenneeded,andfastapproximaterenderingwhenacceptable.Whileweused
thevisualizationapproachknownasdirectvolumerendering,webelievethehierarchicalapproachcanbe
extendedto otherrenderingmethodsaswell.

2 Rendering Complex Multigrids

In thepast,againsupportedby NASA,wehavedevelopeda newmethodfor directvolumerenderingof
curvilineargridsat comfortablespeeds[VGW93].Whilewebelievethis is oneof the bestmethodsfor
renderingcurvilinearvolumes,providingagoodtrade-offbetweenspeedandimagequality,it cannothandle
themultiplegridssometimesseenill computationalfluiddynamics,suchastheninegridsofthespaceshuttle
[BCFM+89].Wewerelookingfor a veryflexiblerenderingmethodthat wouldaccommodatethesegrids,
otherirregulargrids,andtheinclusionof polygonmeshsurfacedata(whichcangreatlyhelpin clarifying
theimage).

Wehavedevelopeda scanline,face-projectionmethodthat providesthesefeatures,andcanproduce
excellentqualityimagesin a reasonabletime[WTVG95].Thisapproachcanhandlecurvilineardatasets,
tetrahedraldatasets,multipleintersectingdatasets,andtheinclusionofpolygonmeshsurfaces.It requires
nographicshardware(beingdonetotallyinsoftware),andcanproduceimagesof thesamequalityasray-
castingbutmuchfaster,becauseofits useof coherence.Wehaveparallelizedtheapproachandaregetting
aspeed-upof betterthan3.25onfourprocessors.Wearepresentlyextendingthetechniquefor usein a
multi-resolutionhierarchy,to betteraccommodateverylargedatasets.

3 Other Results

Wehavealsobeenexploringalternativemethodsfor directvolumerendering,includinghierarchicalray
casting[KGW95],andthe useof 3D texturemappinghardwareon machinesthat providethis feature
[WVGW94].Thelatter,in particular,providesverygoodimagequalityandremarkablespeeds,butsofar
hasonlybeendevelopedforusewith regulargrids.



4 Conclusions

We have provided new tools for rendering complex multi-gridded scalar data in reasonable time with good

image quality. We have attached two publications central to our work during this period, "Multi-Dimensional

Trees for Controlled Volume Rendering and Compression" [WVG94] and "A Scan-Line Algorithm for Volume

Rendering of Multiple Curvilinear Grids" [WTVG95]. Images from our work can be viewed on the world

wide web at http://www.cse.ucsc.edu/'_ilhelms/seivi/index.html.
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